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Optical patterning of magnetic domains and defects in ferromagnetic liquid
crystal colloids
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h1,2,3,a)

A promi ing approach in dg igning compg e maerial¥ dh an unw ual phyical behavior
combing, 5 olid nangVrudure; and oriedddionally ordered.g off maler & Vhe me; o; cale. Such
compg, dg; can no only inherd propenie; of Vheir comVduerly, bu al o can e hibd emergen
behavyior.g uch a ferromagneic ordering of colloidal meéal nanopaticle formi‘ng me; @; copic
magndi aion domain,¥ hen di pexed in a nemaic liquid crylal. Here? e demonVrae Vhe
oprical paverning of domaing‘rudure; andVopological defed; ing uch ferromagneic liquid criVal
colloid; ¥ hich all% 5 for abering Vheir re; pon, € Vo magnéd-ic field, . Our finding, reveal Vhe naure
of Yhe defeds inVhi. oft mallers yVen? hichdg differeld a compared Vo non-polar nemaig and
ferromagnds alike. © 2015 AIP P ph s+ & LLC. [Wp://d ;.doi.org/10.1063/1.4928552]

Liquid crgbval (LC) colloid; a‘rad a coun iderable
amourn} of5 ciendific irdergV driven by Vhe richngs of Vheir
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illuminaion, 95 ul of pen ylc vanobiphenyl (5CB, Cheng hi
Yonghua Dj; play Maerial; Co. Dd.Y a mi.ed dh5ulof
a oben ene-cordaining Beam 1205 LC (Beam Co.). Non-
4 omeri ing FLCG (prdocol 2) wili ed forg urface-enabled
optical defed palerning’ ere ba ed on u ing 100 ul of pure
5CB a Vhe hgV medium, bul Vhe prepardion prd.oco¥’ a; Vhe
< ame oh&¥ 4 e. Silane-PEG capped magnéic nanopldelds
di; pex ed in dhanot’ ereVhen addedVovhe L' hile folly -
ing Vhe di pex ion procedure; reponed previou 1y.” 5 ul of
ahano?’ a addedVo 15 ul of Yhe LC mi Yure Vo bring 3 Vo
Vhe i dropic pha e, fol¥ ed by adding 15 ul of 0.5 ¥ V. %
magndic pldelds di peg ed in dhanol. Theg ampl&” a kep
a 90°C for 3h Vo fully evaporae Yhe dhanol, yielding an
e .cellend di peg ion in Vhe 4 dropic phae & ero field, and
vher? a rapidly cooledYoVhe nemaic pha e of Vhe mi Yure
¥ hile vigorow, 1 Virring. The en, uing FLC® a; cerbrifliged
a 2000 rpm for 5 minVo remove re; idual aggregaion;.q oVha
Vhe final compg de conbained onl¥ ell-di pex; ed pladeld .
The final fradion of magnéic pladelds inVhe L& a varied
¥ #hin 0.05 0. V. %, a ddermined baed on ab orbance
and magnéli aion valug . Nanopldelds e hibdeds pordbane-
ou alignmen™ Mh large-area face, omhogonal Yo n(r) and
magndic momerk along n(r), a confirmed by mea; uring
polari @ion-dependerd ab; orbance'® and probing re, pon; e of
Vheir dilde di pex; ion, Vo magndic field; . Dj; pex ion; of fer-
romagndic plaelds invhe LC mi Jur&’ ereqlable & all u ed
field, (up‘o 20mT) e hibding a’'facile re; pon; e already @
field, belS 1mT. Homedropic gla celt™ 3h pol/domain
FLCG, and M poirting in one of YheW o amdi-parallel direc-
Vion; along Vhe venical far-field diredor ny* ere prepared
w ing 1- or 0.17-mm Vhick glag plde Vreded® dh an aque-
o, . oltion of 0. V. % N,N-dimehy1-N-odadec1-3-ami-
noprop y/1drimetho . il vl chloride (DMOAP, Acrg; Organig; )
yia dip-coaing. The cell gap Vhickne of 30 um or 60 um
¥ a5 d by inters pacing Vhe glag plde & Vheir edge¥ dh
UV-curable oprical adhe; ive (NOA-65, Norland Produds ) or
epo .y condaining ilicag pacex of corrg; ponding diameéles .
Cell*flling” a, done & room Yemperdure u; ing capillary
adion. FLCC cel}; e hiblkg pontaneou; formaion of random
magndic domain of laeral dimen; ion; } ypicall y compara-
ble or om¥ ha larger Vhan VYhe cell Vhickngg
and dependen) onVhe indiali @ion field of 10 35mT (Ref; .
4 and 16) (Fig. 1






Vhe orieddadion of M(r) ip Vo an oppg; de in-plane orierda-
Vion, a, depided in Fig. 3(b), abhough n(r)glay comdinuou
(Fig. 3(a)) becau; e half-ideger defeds are ally ed inVhe n(r)
line field bu nd inVhe M(r) vedor field.

Abhough, in principle,g imubaneow;, padlerning of bdh
M(r) and n(r) can be achieved by combining Vhe ¥ o
approache; de; cribed above, 3 4; iergVinglo ndeVhe evolu-
Vion of domainglrudurg; in M(ry" hen only Vhe diredor j
paerned (Fig. 4). The M(ry" #hin magndic domain, inVhe
paverned region foll¥ .5 Vheg paially varying n(ry" #hinVvhe
magndic domain; and behave; di; cordinuow 1y ( ipping Vo
oppe, de domain; ) & Vhe iber-domair¥” all . A applied mag-
nelic field; , Vhe pol/domain ndure of Vhe FLCC inberplay

¥ dh Vhe Vopologically required” all conneding Vhe half-
ideger defed ling in n(r), cawing a comple, patern of
domain, and” all defeds inbers pacing Vhem® hichs I 1y
evol v dhVime andVrongly depend on bdh Vhe diredion
and.gVrengh of B. Iberglingly, Yhe®” idh of* all defeds
V¥ dhinVhe region, of diloned n(r)4 often largerVhanVha in
region, of uniform dired-or (Fig. 4). To uncoerVhe nadure of
magndic iber-domai®¥’ all, inVhe FLCGY e u; ed dark field
micrg; copy ob; ervaion; Vha reveal boh locaion; and orien-
Vaion, of individual nanopldelds & upplemerbary video S1)*
& ero field and® hen B & differend orieldaion; 5 eledivel
¥ dchg Yhe domain; of oppe de M. Unlike in conventional
magndic. gVemy .Y here magndic domain, are Vpically

« eparded by Vhes o-called Bloch or Née¥' all % ¥h corbinu-
ou; albed locali eds oldonic deformaion, of M(r), magnd -
i aion & Vhe ider-domai¥’ all ofVhe FLCG 4 nd defined,

< 0Vha Vhey areq ingular in nadure. Thi; & becau e M(r) and
n(r) aresVrongly coupled,g oVha Vhes old onic deformaion; of
M(r) b& eenVhe domain¥ ould be cgVly inVerm; of Vhe
corrg, ponding elaVic deformadion;, of n(r). InVead, Vhe do-
mair¥” all inVhe FLCC have uniform dired-or bu undefined
M(r).5 0 Vha Vhere & no a. ocided elaVic free energy co)
due Yo ucl? all;. AV applied field; , Vhe ider-domair? all;
can be panially deprived of nanopaticle & upplemeniary
yideo S1) and ranging in* idh from Vhe average.s pacing
b¥ een individual nanopanticle; Vo ~1um, a, ddermined by
colloidal ideradion, b¥ een nanopldelds™ dh differenly
oriended dipole momerk, ofVhe neighboring domain; of oppo-

« be M||ng. When n(r) ||[M(ry" 3hinVhe domain, 4 diVoied,
Vhi; interplayg funher abered byVhe energdic cqV of elaVic
divonion, (Fig. 4). AbhoughVhe domair¥’ all defed; inVhe
FLCG areingular in M(r
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